Intraoperative periprosthetic femoral fractures (IPFF) have been studied extensively for total hip arthroplasties, but not for hemiarthroplasties. Recent series in the literature show an IPFF rate for hemiarthroplasties ranging from 0% to 14%. The present study was designed to determine the prevalence and outcome after IPFF during non-cemented hemiarthroplasty. In addition, the surgical step at higher risk to produce these fractures was evaluated in an attempt to identify strategies that could minimize the prevalence of this complication. We performed an observational study of 365 consecutive patients undergoing and Austin-Moore hemiarthroplasty from 2005 to 2006 at our institution. The institutional IPFF rate was 6.8% (twenty-five out of 365). The moment at which the fracture was detected was collected: 1) intraoperatively and 2) in the postoperative radiological control. The surgical step in which the fracture occurred was collected: 1) neck osteotomy, 2) broaching, 3) prosthesis introduction, and 4) reduction. Results were compared to a control group according to blood transfusion rate, mortality rate and revision surgery rate. The fractures were detected during the surgery in twenty cases (80%); for the five remaining cases the fracture was only detected in the postoperative radiology. For those detected during the surgery, the two most common manouvers in which the fracture occurred was hip reduction (10 cases) and prosthesis introduction (7 cases). The blood transfusion rate, first-month mortality rate and revision surgery rate showed no statistical difference between the two groups (p = 0.3). In the present series, most of IPFF during Austin-Moore hemiarthroplasty implantation, occurred during arthroplasty reduction. Difficulties during this step should lead the surgeon to reconsider if technical mistakes are present and can be solved. However, if fracture occurs, adequate treatment of IPFF should provide satisfactory results without increasing blood transfusion needs, mortality or revision surgery.
Intraoperative Periprosthetic Femoral Fractures Related to Austin Moore Hemiarthroplasty-A Retrospective Review of 365 Patients

Introduction
Intraoperative periprosthetic femoral fractures (IPFF) have been studied extensively for total hip arthroplasties, and revision surgery of THA shows the higher risk for this complication [1] . In a large cohort study, it was reported that IPFF were encountered during 1% (238) of 23,980 primary THA compared with 7.8% (497) of 6349 revisions [2] , and other studies have shown similar results [3] [4] [5] .
Whereas the literature attention on prevention of IPFF is focused on total hip arthroplasty and mostly for revision procedures, very recent studies show that the primary arthroplasty at the higher risk of IPFF is the uncemented hemiartroplasty in the elderly [6] [7] [8] . Despite hemiarthroplasty remains the goldstandard treatment for femoral neck fractures in the elderly, these fractures and their treatment have been under-reported in the literature [6] .
The present study aims to determine the incidence of IPFF implanting the Austin-Moore arthroplasties in the elderly patient at our institution, the surgical step at higher risk to produce these fractures and the outcomes regarding a control group without IPFF.
Material and Methods
Austin-Moore arthroplasties implanted in 354 skeletally mature patients, between January 1st, 2005 and December 31st, 2006. Ethics Committee decided approval was not required for this study.
All operations were performed by experienced surgeons or residents under direct supervision of an experienced surgeon. The lateral transgluteal approach modified by Hardinge [9] was done in all the cases, and intraoperative radiology was performed in all cases after the hemiarthroplasty implantation. Also according to our institution protocol, three days after the surgery a radiological study was also performed, including anteroposterior radiology of the pelvis, and lateral view of the operated side.
The medical records were reviewed to identify the cases in which an IPFF occurred. A total of twenty-five cases were identified (Group 1), and thus the institutional IPFF rate was 6.8%. The twenty-five patients who had an IPFF were thirteen women and twelve men with a mean age of 84 years (range, seventy-five to ninety-seven years). The fracture affected the right side in 16 cases.
The moment at which the fracture was detected was collected: 1) intraoperatively (both by direct visualization or by using intraoperative radiology) and 2) in the postoperative radiological control. For those fractures occurred during the surgery, the surgical maneuver in which the fracture occurred was collected: 1) neck osteotomy, 2) broaching, 3) prosthesis introduction, and 4) reduction.
The description of the fracture was performed according to the validated Vancouver system for classifying postoperative periprosthetic femoral fractures adapted for use in the intraoperative period [10] . According to this classification system, the femur was divided into three anatomical areas: A (the pertrochanteric region), B (the diaphysis), and C (the distal metaphyseal, or supracondylar, region). In each anatomic location, the fracture was further subclassified as 1) cortical perforation; 2) undisplaced linear crack; 3) displaced or unstable fractures. The type of treatment for the periprosthetic fracture was registered.
The Group 1 was compared to a control group of patients (Group 2). The Group 2 was 30 consecutive patients with Austin-Moore arthroplasties that did not sustain an IPFF, which underwent surgery between September 1st, 2006 and November 1st, 2006.
For both groups the following data was obtained: age, gender, ASA score and time waiting for the surgery (days). Results were compared between the two groups according to blood transfusion, first-month mortality and revision surgery rates.
Data was registered and analyzed with OpenEpi, version 2.3 (available at http://www.openepi.com). Descriptive statistics were calculated for all variables. Chi square test was used to compare transfusion rate and first-month mortality rate between the two groups. The P value was set prior to analysis at 0.05.
Results
The fractures were detected during the surgery in twenty cases (80%); for the five remaining cases the fracture was only detected in the postoperative radiology. All the fractures detected in the postoperative radiology were greater trochanter fractures, and were considered to have occurred unnoticed during the surgical procedure.
The IPFF were classified as Vancouver A2 in fourteen cases and A3 in eleven cases. No intraoperative Vancouver A1 fractures occurred, nor any Vancouver B or C type fractures. For those IPFF detected during the sugery, the moment in which the fracture occurred was; ten cases during hip reduction, seven cases during prosthesis introduction, one case during the femoral neck osteotomy, one case during broaching and in one case a dislocation and a periprosthetic fracture was observed in the intraoperative radiology control.
The intraoperative PPF was wired with one cerclage in 10 cases, and with two cerclages in 4 cases. The indication was changed to a cemented hemiarthroplasty and cerclage wire in 3 cases, and in the last 3 cases the Austin-Moore arthroplasty was stable and did not require any additional treatment (Figure 1) .
The control group (Group 2) was comparable according to sex, age and ASA rating, and for both groups the mean the time waiting for the surgical procedure was 3 days. There was a trend towards an increased number of re-operated patients in the group presenting an IPFF Vancouver type A fracture compared with the control group, 16% vs 3%, respectively but it did not show a difference statistically significant. The blood transfusion rate (16% vs 25%) and first-month mortality rate (12% vs 11%) were similar between the two groups (p > 0.05).
Discussion
In a recent UK survey, Crosmann et al. reported that for active patients bipolar arthroplasty was most commonly used (41%), while for the frail patients AMP or Thompson hemiarthroplasties were undertaken in 94% of the UK hospitals [11] .
While problems with post-operative complications, delayed healing, implant loosening and increased mortality rates have been well described previously, the intraoperative PPF performing hemiarthroplasty, and its management has been insufficiently studied in the published literature [6] .
Our institutional IPFF rate has been 6.8%. Most of the series dealing with Austin-Moore arthroplasties do not indicate or focus on IPFF [12] [13] [14] [15] . In order to determine the incidence of IPFF related to Austin-Moore arthroplasties, the information can be obtained from the literature regarding the comparison group in prospective studies for the treatment of femoral neck fractures. Singh et al. reported the incidence of one intra-operative PPF in the Austin-Moore arthroplasty group (29 patients, 3.4%) [16] . Khan et al. reported three (2.5%) iatrogenic femoral fractures associated with cementless Austin-Moore arthroplasty insertion [17] , and Pryor who assessed 91 of those hemiarthroplasties over a 12-month period, reported one periprosthetic femoral fracture (1.1%), which required re-operation [12] . A higher incidence was reported by Foster et al [6] ; in their series this complication occurred in 5 patients over a total of 70 (7%). Weinrauch et al. presented the results of a multicentre retrospective study over 380 Austin-Moore arthroplasties, and revealed that 11.8% of the cases presented an IPFF [8] . In another study by Weinrauch, about surgical mistakes during the Austin-Moore prosthesis implantation, a 14% of intraoperative fractures was reported among a total of 147 consecutive cases [7] . As a conclusion, the incidence of IPFF related to an Austin-Moore arthroplasty has been reported from 0 to 14%.
Different strategies are possible in order to minimize the prevalence of this complication. It has been advocated the use of cemented hemiarthroplasty since bone cement is expected to reinforce the osteoporotic proximal femur in the frail elderly patient [6] . However, cement insertion has been shown to adversely affect pulmonary and cardiovascular function during the conduct of surgery and the immediate postoperative period, which may be poorly tolerated in the elderly with pre-existing comorbidity [18] . It has been outlined of paramount importance to rule out well known technical defects implanting the Austin Moore arthroplasty such as: 1) inadequate length of the neck remnant, 2) inadequate calcar seating, and 3) the presence of difference size in the prosthetic head compared with the contralateral normal femoral head [12, 14] . In the present study, we indicate that the most dangerous moment to produce a fracture during AMP is hip reduction, and we suggest to consider if any those technical defects are present, especially if reduction turns to be difficult.
Our study has several weaknesses: it was a retrospective study, and the treatment of the intraoperative periprosthetic fracture was performed according to the preference of the orthopaedic surgeon. However, there is limited information regarding the results of the treatment of Vancouver type A fractures related to AMP [5, 8] , and the present series contributes to outline the importance of this complication. Although the mortality and transfusion rate did not increase comparing to those cases without IPFF, a moderate trend towards a higher reoperation rate was observed in the group with intraoperative fracture.
A higher sample would be needed to confirm this association.
As a final conclusion, intraoperative periprosthetic femoral fractures in Austin-Moore arthroplasties are underreported and in the present series the rate was 6.8%. More studies are needed to determine strategies for prevention and treatment of this condition. We would suggest that any difficulty in hip reduction must orientate us to reconsider if any technical mistake must be solved, and we advocate fracture stabilization by using cerclage wires or cables for Vancouver B2 intraoperative fractures and a cemented hemiarthroplasty plus cerclage for Vancouver B3 intraoperative fractures.
